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Abstract 
Recently the Australian aviation industry has experienced unprecedented growth, driven by strong global economies 
and low cost airlines. Current aircraft design has seemingly reached a point of diminishing returns with regard to 
improving the energy efficiency of jet engines (at least in the short-term) (Peeters et al., 2005). Consequently one of the 
main strategies for mitigating global warming within the aviation industry is to produce larger aircraft that can carry 
more passengers. This strategy increases engine efficiency in terms of fuel usage per passenger per kilometre travelled 
and can also be used on existing aircraft by keeping passenger occupancy rates high on all aircraft movements.  
 
Under its environmental responsibilities Airservices Australia has established a Noise and Flight Path Monitoring 
System (NFPMS) at Australia’s major airports, including Cairns, Coolangatta, Brisbane, Sydney, Canberra, Melbourne, 
Adelaide and Perth. This paper investigates how this high passenger occupancy strategy has limited the aviation impact 
near Australia’s major airports through spatially mapping the NFPMS trend near these airports over the last six years. 
The significance of this research is that it will highlight geographic areas that have experienced the largest amount of 
change in aircraft movement. This will assist the aviation industry to further lessen its social and environmental impact 
in the face of future predicted demand. 
Introduction 
The scale of passenger and freight movement at Australian airports has increased significantly in recent decades and 
will likely to continue in line with global trends. The expected growth of passenger traffic internationally is forecast to 
reach 5 billion by 2010, and surpass 9 billion passengers annually by 2025. The highest global passenger growth of 
7.9% (2005-10) is forecast for the Asia Pacific region. The global air freight task is expected to triple to 214 million 
tonnes by 2025. The Asia Pacific region is again forecast to grow the fastest averaging 6.5% per annum (ACI, 2007). In 
Australia (1995-2005), domestic, regional and international air traffic increased by annual averages of 4.6%, 4.1% and 
5.9% respectively (DOTARS, 2006). International tourists, whose expenditures are major contributors to regional 
economics, typically arrive by air and the presence of an airport is recognised as fundamental for the realisation of 
regional tourism and economic potential (Bieger and Wittmer, 2006). Over the next decade, the number of international 
visitors to Australia is estimated to grow at 5.6% per annum, to reach around 10 million per annum (TRA, 2005).  
 
This rate of passenger growth has implications for the surrounding urban areas primarily in the form of impacts 
associated with aircraft noise. As Serebrisky notes, airports are ‘the most intensely geographical manifestations of all 
the forces of mobility’ (Serebrisky, 2003). Within this context, noise from aircraft movement over the urban footprint 
has generated considerable controversy in Australian capital cities. This controversy has extended in both directions: 
local residents complaining of noise from incoming air traffic; and the airport restricting urban development within its 
established noise corridors (for example, Canberra International airport recently won a court case against a land 
development company who was planning to build housing in the Australian Noise Exposure Forecast (ANEF) 
contours).  
 
The primary focus of this paper is to examine how the increased passenger load has been handled with respect to 
aviation corridors. Is there any indication of changes in geographical management of the flight paths to mitigate the 
impacts of noise on the surrounding urban environment? If so, what trends can be observed in the strategies taken in 
each of the major Australian airports? The novelty of this research is the application of spatial analysis techniques on 
the NFPMS data in order to produce aircraft change density maps for particular airports of interest. The significance of 
this research is that it will highlight geographic areas that have experienced the largest amount of change in aircraft 
densities around Australia’s major airports. This will assist the aviation industry to further lessen its impact in the face 
of future predicted passenger demand.  
 
The paper is structured as follows: first, an overview of the current growth in the aviation industry in Australia is briefly 
covered; including a discussion of how the aviation industry is meeting the challenges of increased passenger 
movements. Secondly, we outline the method utilised to investigate how the current mitigation strategy is impacting the 
areas around eight Australia major airports. This is followed by a discussion of the results for each airport investigated 
and the implications for future research. 
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Background 
The challenge of increased passenger movement has been met by the aviation industry through a number of strategies. 
First, the technological changes within the aircraft industry has allowed for a larger number of passengers (and freight) 
to be carried with increased fuel efficiency. Larger, more fuel efficient aircraft, such as Airbus’s A380, are now capable 
of higher payloads. Secondly, strategic noise corridor management and curfews have lowered overall noise impacts in 
the taking off and landing of aircraft. The recent Issues Paper (DITRDLG, 2008) for the Development of National 
Aviation Policy Statement notes that aircraft noise is one of the key challenges in developing a national policy (p.21). 
 
Sustainability options for the aviation industry 
Utilising bio-fuels in aircraft is one of the main promising research areas to improve the environmental sustainability of 
the aviation industry. Unfortunately, aviation bio-fuel is still years away and with limited improvements to the energy 
efficiency of jet engines other options are needed in the short-term (Daggett et al., 2006, Peeters et al., 2005). Synthetic 
fuel made from coal, natural gas, or other hydrocarbon feedstock shows significant promise as a fuel that could be 
easily integrated into present and future aircraft with little or no modification to current aircraft designs (Daggett et al., 
2006). The manufacture of synthetic fuels currently produces significant amounts of carbon dioxide which rules it out 
as a sustainable option until carbon sequestration technologies mature. Consequently, one of best short-term sustainable 
options for the aviation industry is to produce larger aircraft that can carry more passengers. For example, the new 
Airbus A380, the world’s largest commercial passenger aircraft, produces 75g of CO2 per passenger and per km which 
is 17% less than the emission figure for the aging Boeing 747s (Airbus, 2008). This calculation assumes that the A380 
will have 525 seats and fly with 100% occupancy. Hence this sustainability option for the aviation industry is dependent 
on maintaining high passenger occupancy on all aircraft movements because as passenger occupancy decreases the 
carbon emissions per passenger increases. 
 
Passenger and aircraft movements in Australia 
Over the past decade the five major capital city airports in Australia have had significant increases in passenger 
movement. Sydney, Perth, Brisbane, Adelaide and Melbourne have had a cumulative growth of 55%: in 1997 the total 
volume of domestic and regional passengers was 52.7 million passengers; by the end of 2006 this increased to 81.7 
million people (DOTARS, 2007b). Yet, despite this increase the total aircraft movement has decreased. Total number of 
aircraft movements (as recorded at the control tower) have decreased from 822,180 movements in 1997 to 818,782 in 
2006 – a decrease of 0.4%. This is explained by an increase in average aircraft size where newer designs have increased 
passenger carrying capacity.  
Methods and Materials 
This section will discuss the rationale of selecting the airports in the study group, and the process utilised to produce the 
aircraft change density maps.  
 
Airport study group and time period 
Airservices Australia has established a Noise and Flight Path Monitoring System (NFPMS) at Australia's major airports. 
There are currently eight NFPMS locations; they are in Adelaide, Brisbane, Cairns, Canberra, Coolangatta, Melbourne, 
Perth and Sydney. The NFPMS produces reports on noise, flight tracks and flight track densities near these eight 
airports. These reports have been produced quarterly since mid 2000 and have provided an excellent source of 
information for this study. 
 
All eight NFPMS airports were included in the study group of this research. Since the year 2001 was the first complete 
record of jet track densities, the study period was chosen as 6 years (i.e., from 2001 to 2007). In addition, both 
passenger and aircraft movement statistics during this period were available for all eight airports from the Department 
of Transport and Regional Services (DOTARS) (see Table 1). 
 
Spatial analysis process utilised to create changes in jet track density maps 
The jet track densities were obtained from Airservices Australia’s NFPMS reports for the eight airports in the study. A 
jet track density map shows the pattern of jet aircraft flight tracks passing over the region around the airport during a 
particular year. An example of a jet track densities near Brisbane Airport (BNE) for the years 2001 and 2007 are shown 
Figure 1 and Figure 2 respectively. The colour coding from green to red represents the range 730 to 7300 flight tracks 
(i.e., 2 per day to 20 or more per day) over a grid element. Grid elements of 200m x 200m have been adopted as a 
standard. If any grid element is not colour coded, the number of aircraft flight tracks passing over that element during 
the year was less than 730 (i.e., less than 2 flights per day on average).  
 
Airservices Australia would only supply jet track densities as raster images without any geo-referencing information. 
Consequently, the first step in creating the changes in jet track density maps was to geo-reference the jet track densities 
in a geographic information system (GIS). Once geo-referenced the background information in the images was removed 
using an image editor as shown in Figure 3. 
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The following step was to convert each of the raster images into polygon feature classes as shown in Figure 4. This was 
achieved using an automatic raster to polygon conversion tool in a GIS. A new attribute, density, was added to each 
polygon feature class. This attribute was given a value depending on the colour in the original jet track density image. 
The density values ranged from 730 to 7300 flight tracks as per the original NFPMS data. 
 
Figure 1 BNE Jet Track Density for 2001 
 
Figure 2 BNE Jet Track Density 2007 
 
 
Figure 3 Geo-referenced and edited image 
 
Figure 4 Converted Polygon Feature Class 
 
 
The final step of the process involved using a standard GIS spatial analysis tool to overlay the 2007 jet track density 
polygon feature classes with the 2001 polygon features classes for each airport. Once the overlay process was 
completed, an additional attribute was added to the resulting overlayed polygon feature classes. This attribute contained 
the difference between the 2007 density values and the 2001 density values, and was used to visualise the changes in jet 
track densities. The result for Brisbane Airport is shown in Figure 7. 
Results and Discussion 
This section presents the results of the spatial analysis of the NFPMS jet track density data. Each airport in the study 
group will be presented and discussed in turn. The total aircraft movements, jet aircraft movements and passenger 
movements for each airport are summarised in Table 1 (DOTARS, 2007a).   
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Table 1 Airport Statistics (DOTARS, 2007a) 
Airport Aircraft 
Movements 
2001 
Aircraft 
Movements 
2007 
% Change 
Aircraft 
Movements
Jet Aircraft 
Movements 
2001 
Jet Aircraft 
Movements 
2007 
% Change 
Jet Aircraft 
Movements
Passenger 
Movements 
2001 
Passenger 
Movements 
2007 
% Change 
Passenger 
Movements
SYD 296,642 290,346 -2% 262,580 264,494 0.7% 23,150,121 31,016,186 34% 
MEL 177588 184492 3.9% 171,970 177,240 3.1% 15,967,430 22,156,871 39% 
BNE 172,104 173,278 0.7% 147516 149266 1.2% 11,773,681 17,379,809 48% 
PER 96,396 109,410 13.5% 65,676 89,294 36% 4,766,468 7,977,091 67% 
ADL 111,186 106,374 -4.3% 63,898 74,274 16.2% 4,174,912 6,181,390 48% 
CNS 103,356 105,758 2.3% 33,546 44,096 31.5% 2,642,498 3,782,183 43% 
OOL 84,286 68,456 -18.8% 18,544 29,000 56.4% 1,736,004 3,777,856 118% 
CBR 115,962 80,788 -30.3% 47,740 35,130 -26.4% 1,736,004 2,687,336 55% 
 
Sydney Airport (SYD) 
Sydney Airport (SYD) is a good example of were the high occupancy strategy is working effectively. From Table 1, we 
see that total aircraft movements have reduced by -2% while jet aircraft movements have only increased by 0.7%. This 
would indicate that most of the 34% passenger growth has been accounted for through increasing the passenger 
occupancy of aircraft in and out of SYD.  
 
Since the jet aircraft movements have only increased by 0.7%, we would not expect the changes in jet track densities for 
SYD to show significant increasing in densities. From Figure 5, we see that this is the case, and that only small 
increases have occurred on the flight paths. The one exception is the south western flight path which shows a narrow, 
but large increase in jet aircraft density. This change is explained by a narrowing of the total flight path in this area as 
shown by the reduction on either side of the south western flight path. 
 
Figure 5 Changes in Jet Track Density at Sydney Airport (SYD) 
 
 
Melbourne Airport (MEL) 
As shown in Table 1, we see that total aircraft movements have increased by 3.9% with jet aircraft movements 
increasing by 3.1% at Melbourne Airport (MEL). Passenger movements have increased by 39% over the same period. 
This would indicate that the strategy of increasing the passenger occupancy of aircraft has had less of an impact when 
compared to SYD.  
 
With a growth of 3.1% in jet aircraft movements, it is not surprising that the changes in jet track densities for MEL 
shows medium to small increases on most of the flight paths near the airport (see Figure 6). The most significant change 
has occurred on the northeast flight path which has moved slightly to the north of the airport as shown by the blue and 
red parallel jet track densities in Figure 6. There is minimal population in this area and if this flight path had not moved 
it would have been shown as a No change area. There has been a small to medium increase in jet aircraft densities on 
the southwest flight path which potentially could have a negative social impact on the north western and western 
suburbs of Melbourne. 
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Figure 6 Changes in Jet Track Density at Melbourne Airport (MEL) 
 
 
Brisbane Airport (BNE) 
As shown in Table 1, we see that total aircraft movements have increased by 0.7% with jet aircraft movements 
increasing by 1.2% at Brisbane Airport (BNE).  This would indicate that the large change in passenger movements of 
48% has been accommodated with relatively small aircraft movement growth. 
 
The changes in jet track densities for BNE are shown in Figure 7. From the figure, we can see that the main southeast 
path has moved approximately 800 to 1000 metres to the east (as shown by the blue to red area in the Figure 7). This 
flight path now tracks over an industrial area and would appear to have moved to avoid to residential development in 
the suburb of Tingalpa as shown in Figure 8. Others changes include the moving of the south eastern flight path (which 
is north of the airport directly parallel to the coast line) to a more northerly location. This change would not effect any 
population as the flight path is completely over the ocean.  Finally, there has been a small increase in jet aircraft 
densities on the southwest flight path which potentially could have a negative social impact on the north western 
suburbs of Brisbane. 
 
Figure 7 Changes in Jet Track Density at Brisbane Airport (BNE) 
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Figure 8 Changes in Jet Track Density over the suburb of Tingalpa 
 
 
Perth Airport (PER) 
Perth Airport (PER) has seen the greatest increase in aircraft movements (i.e., 13.5%) and the second largest increase in 
passenger movements (i.e., 67%) of the airports considered in this paper (see Table 1). In addition, jet aircraft 
movements have grown by 36%. This would indicate that jet aircrafts are being favoured to tackle the increased 
passenger demand. This growth in jet aircraft movements has translated into increased jet track densities near PER as 
shown in Figure 9. For PER we see small to medium increases both north and south of the airport.  Most of these 
increases have occurred in relatively low populated areas which would minimise the social impact on the region. 
 
Figure 9 Changes in Jet Track Density at Perth Airport (PER) 
 
 
Adelaide Airport (ADL) 
The aircraft movement figures for Adelaide Airport show that there has been a distinct move from non-jet aircraft to jet 
aircraft as illustrated by the overall reduction in aircraft movements of 4.3% but an increase in jet aircraft movements of 
16.2% (see Table 1). As was the case for PER, it would appear that jet aircrafts are being favoured to tackle the 
increased passenger demand at ADL.  
 
Unfortunately no jet track density data was available for 2001 or 2002, thus the changes in jet track densities were 
calculated from 2003 to 2007. The changes in jet track densities for ADL are shown in Figure 10. Adelaide has seen 
some slight jet track density increases on flight paths to the north, northeast and southeast. The turning 
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approach/departure to the southwest has formed into two distinct paths and as a result a density reduction is seen in the 
middle of this path. The main area of concern is the increase on the eastern flight path that tracks just south of 
Adelaide’s central business district. This change has the most potential to negatively impact the population in the south 
eastern suburbs of Adelaide. Finally, the small to medium increases on the coast to the south west of the airport has 
occurred over the Port Stanvac industrial area and would have minimal effect on the population. 
 
Figure 10 Changes in Jet Track Density at Adelaide Airport (ADL) 
 
 
Cairns Airport (CNS) 
Like both PER and ADL, at Cairns Airport it would appear that jet aircrafts are being favoured over non-jet aircraft to 
tackle the increased passenger demand.  From Table 1, CNS aircraft movements have grown by 2.3% and jet aircraft 
movements have increased by 31.5%. This has allowed the relatively large increase in passenger movements of 43% to 
be achieved with only a small increase in total aircraft movements. For CNS we see that most of the increases have 
occurred over the ocean as shown in Figure 11. In addition, some of the flights south of the airport have been diverted 
around Cairns CBD in an attempt to lessen the social impact on the region. 
 
Figure 11 Changes in Jet Track Density at Cairns Airport (CNS) 
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Coolangatta Airport (OOL) 
Coolangatta Airport has seen the greatest reduction in aircraft movements (-18.8%) and the largest increase in passenger 
movements (118%) of the airports considered in this paper (see Table 1). In addition, it also has the greatest increase in 
jet aircraft movements (56.4%). Coolangatta Airport is an airport that has seen a dramatic change during the study 
period. From the growth figures it is likely that larger, higher occupancy aircraft are being utilised to tackle the 
increased passenger demand at OOL. In a similar strategy to that used at Cairns Airport, all growth has been directed 
over the ocean or unpopulated areas to minimise social impact as illustrated in Figure 12.  
 
Figure 12 Changes Jet Track Density at Coolangatta Airport (OOL) 
 
 
Canberra Airport (CBR) 
The figures for Canberra Airport show just how much reduction in aircraft movements can be achieved by utilising a 
high occupancy strategy. CBR is the only airport in the study group where both the number of aircraft movements (-
30.3%) and the number of jet aircraft movements (-26.4%) decreased - despite a 55% growth in passenger movements.  
 
Figure 13 Changes in Jet Track Density at Canberra Airport (CBR) 
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Unfortunately no jet track density data was available for 2001 or 2002, thus the changes in jet track densities were 
calculated from 2003 to 2007. From Figure 13, we see that there have been small increases in aircraft densities at 
Canberra Airport. The southwest path did not appear on the 2003 jet track densities. In addition, the diverging northern 
paths were not visible in 2003. The northern route has become narrower over time (as indicated by the blue areas) 
which would indicate that a more precise tracking of aircraft along this flight path has occurred. Finally, the jet track 
densities near CBR avoid major populated areas. 
Conclusion 
The strategy to utilise larger, high passenger occupancy aircraft to meet increased passenger demand has resulted in an 
overall reduction in aircraft movements of -3.34%, however with an increase in 6.32% in jet aircraft movement. 
Airlines have gone to larger jets to accommodate passenger (and freight) demand, and this has translated into moderate 
increases in jet track densities near the airports examined in this paper. From the analysis it appears that the increases 
have been managed to ensure that most of the impact of increased aircraft activity has been concentrated away from 
populated areas.  
 
In conclusion, the larger, high passenger occupancy aircraft strategy has met the challenge of increased passenger 
demand in both an environmentally and a socially sustainable manner. Environmental sustainability has been achieved 
through reducing total aircraft movements. Finally, social sustainability has been improved by concentrating aircraft 
flyover increases away from populated areas and thus reducing any potential noise related impacts of this strategy.  
Future Work 
Further investigation will map the changes in land use activities under the increased/decreased jet track densities. This 
research has the potential to expose compatibility relationships that may exist between land use activities and high 
density flight paths.  
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